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The CDC25B phosphatase regulates the activation of CDK1–Cyclin B at the onset of mitosis, being a
key target of the checkpoint pathways activated by cellular stress and DNA damage. Previous work
has reported that checkpoint activation induces the sequestration of CDC25B in the cytoplasm. Here
we show that in response to UV irradiation, the levels of CDC25B protein can be downregulated inde-
pendently of classical checkpoints pathways such as p53, ATM/ATR and p38 MAPK. We also show
that translational repression mediated by eIF2a phosphorylation regulates CDC25B expression lev-
els. Taken together, our results illustrate a new mechanism of CDC25B regulation in response to
stress.
 2010 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
The cell division cycle is coordinated by the activity of cyclin-
dependent kinases (CDKs) associated with cyclin regulatory sub-
units [1]. The transition from G2 to M phase is controlled by the
activation of the CDK1–Cyclin B complex that phosphorylates sub-
strates implicated in mitosis entry and progression, such as his-
tones, nuclear lamins or centrosomal proteins. At the onset of
mitosis, the evolutionary-conserved phosphatase CDC25 dephos-
phorylates and activates CDK1. In mammalian cells there are three
CDC25 genes, encoding several splice variants of CDC25A, CDC25B
and CDC25C, all of which are implicated in the activation of CDK1–
Cyclin B [2].
In response to DNA damage, induced by oxygen radicals or
ultraviolet (UV) irradiation for example, checkpoints are en-
gaged to stop the cell cycle, which allows time for the cell to
repair its DNA and helps to prevent the transmission of genetic
errors to daughter cells [3]. Since CDC25 phosphatases play anchemical Societies. Published by E
ucommun); +34 917 328 033
un), anebreda@cnio.es (A.R.
of the work.important role in the activation of CDK–Cyclin complexes,
which are the targets of checkpoint pathways, they are also
key to checkpoint regulation. CDC25 phosphatases can be regu-
lated by three mechanisms: enzymatic activity, subcellular
localization and expression levels [4]. Classical checkpoint path-
ways involving the proteins ATM, ATR, p38 MAPK and JNK have
been reported to participate in CDC25B regulation. In response
to UVC irradiation, the regulation of CDC25B is subject to some
controversy. While there is good evidence for the cytoplasmic
sequestration of CDC25B [5,6], UV irradiation has been reported
either to have no effect on CDC25B levels [6,7], or to induce
downregulation and upregulation of CDC25B after phosphoryla-
tion by JNK [8] and CHK1 [9], respectively. Two main factors are
likely to explain these discrepancies: the lack of speciﬁc CDC25B
antibodies and the variability of UV sources used in these
reports.
In this study we have re-investigated the regulation of CDC25B
after UV irradiation using a speciﬁc CDC25B antibody. We con-
ﬁrmed that in addition to changing the subcellular localization of
CDC25B, high doses of UV also induce CDC25B downregulation.
The mechanism involved in the UV-induced loss of CDC25B is
post-transcriptional, independent of classical checkpoint pathways
and not based on protein degradation. Our results indicate that
translational repression is probably involved in CDC25B downreg-
ulation after cellular stress.lsevier B.V. All rights reserved.
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2.1. Chemicals
The following chemicals were used: MG132 (‘‘Z-Leu-Leu-Leu-
al” Sigma C221), Caffeine (Sigma C8960), SP600125 (Calbiochem
420119), BIRB0796 (ACC Corp), Anisomycin (Sigma A9789), Cyclo-
heximide (CHX, Sigma C6255) and Dithiothreitol (DTT, Amersham
Biosciences 17-1318-02).
2.2. Cell culture
U2OS, Saos-2, HeLa, HCT116, HCT116 p53/ and MDA-MB-231
cells were grown in Dulbecco’s Modiﬁed Eagle’s Medium (DMEM,
Sigma D5796) supplemented with 10% heat-inactivated fetal bo-
vine serum (Invitrogen 10270106), penicillin (100 U/ml) and strep-
tomycin (100 lg/ml).
U2OS cells expressing tetracycline-regulated HA3-CDC25B3-
His6 (U2OS-B3 cells, [10]) were grown in complete DMEM supple-
mented with G418 (100 lg/ml) and tetracycline (Tet, 2 lg/ml). For
induction of the tagged CDC25B protein, cells were washed three
times with PBS and incubated 24 h in complete DMEM without
Tet. All cells were maintained at 37 C in a 5% CO2 atmosphere.
2.3. UVC irradiation
A UVC-500 irradiator (GE HEALTHCARE) was used for all exper-
iments, except in Supplementary Fig. S1 where an additional irra-
diator was used (UV Crosslinker, Stratalinker). For irradiation, cells
were washed once with PBS, irradiated at 254 nm and returned to
the incubator with DMEM for the indicated times before collecting
the cells.
2.4. Immunoblotting
Total cell extracts (30–50 lg) were prepared as described in
Supplementary Material and run on 10% or 12% SDS–PAGE. Pro-
teins were transferred to a nitrocellulose membrane using a dis-
continuous buffer system (Bio-Rad, bulletin 2134): 60 mM Tris,
40 mM CAPS, pH 9.6, supplemented with 15% ethanol for the anode
or 0.05% SDS for the cathode. Nitrocellulose membrane was
blocked in Tris-Buffered Saline (TBS) supplemented with 0.05%
tween (TBS-T) and 5% milk 2% BSA for 45 min at RT. Membranes
were incubated overnight with the primary antibodies (see Supple-
mentary Table S1) at 4 C, except phospho-p38 MAPK that was
incubated overnight at RT, in TBS-T with 2% BSA, supplemented
with 5% milk for the antibodies against non-phosphorylated pro-
teins. After four washes of 5 min in TBS-T, membranes were incu-
bated with Alexa 680 (Invitrogen) or IRDye 800 (Licor) secondary
antibodies for 1 h at RT, further washed four times (5 min each)
in TBS-T, and analyzed with the Odyssey infrared system (Licor
Biosciences). Quantiﬁcations were performed with the Odyssey
software.
2.5. siRNA transfection, immunoﬂuorescence, ﬂow cytometry and
quantitative real-time PCR
Experimental details are presented in Supplementary data.3. Results
3.1. CDC25B downregulation after UV irradiation
We ﬁrst monitored our ability to speciﬁcally detect the CDC25B
protein by immunoblotting, as the lack of antibody speciﬁcitycould explain the discrepancies between previously published re-
ports. We conﬁrmed the speciﬁcity of the CDC25B monoclonal
antibody developed in our laboratory by its ability to recognize
the overexpressed protein (induced upon Tet removal in U2OS-
B3 cells) and by the disappearance of the endogenous signal upon
small interfering RNA (siRNA)-mediated CDC25B downregulation
in U2OS cells (Fig. 1A). Using this speciﬁc antibody for immuno-
blotting, we were able to analyze changes in the endogenous
CDC25B protein levels after different doses of UV irradiation
(Fig. 1B). We observed that the CDC25B level after an irradiation
of 10 J/m2 was comparable to the control in the absence of UV irra-
diation. In contrast, a clear CDC25B downregulation was detected
as soon as 30 min after UV irradiation with 60 J/m2. In these exper-
iments, the checkpoint proteins CHK1 and p38 MAPK were both
phosphorylated in their activation sites at both 10 and 60 J/m2.
We also conﬁrmed the loss of CDC25B after UV irradiation by
immunoﬂuorescence (Fig. 1C), as the CDC25B signal disappeared
at 60 J/m2, whereas CDC25B re-localized from the nucleus (its main
localization in non-irradiated cells) to the cytoplasm at 10 J/m2, in
agreement with previous report [5]. Importantly, the proteasome
inhibitor MG132 reverted the loss of CDC25B protein at 60 J/m2,
but not its cytoplasmic localization, showing that both mecha-
nisms are uncoupled (Fig. 1C).
Previous reports have shown either steady or up-regulated lev-
els of CDC25B protein after irradiation of U2OS cells within the
same UV dose range that the one used here. We have found that
the apparatus used to irradiate cells could explain this discrepancy.
Thus, two different irradiators supposedly at the same dose (10 J/
m2) led to very distinct cell cycle proﬁles in U2OS cells, indicating
that the two irradiations did not damage the cells to the same ex-
tent (Supplementary Fig. S1).
3.2. UV-induced loss of CDC25B is p53-independent and post-
transcriptional
To conﬁrm that our observations were not cell-type speciﬁc, we
analyzed the levels of CDC25B after UV irradiation in human cell
lines of different origins and p53 status. We were able to reproduce
the loss of CDC25B protein signal at 60 J/m2 in HeLa (cervix adeno-
carcinoma), MDA-MB-231 (breast adenocarcinoma), U2OS (osteo-
sarcoma), Saos-2 (p53-deﬁcient osteosarcoma), HCT116
(colorectal carcinoma) and HCT116 p53/ cell lines (Fig. 2A).
Moreover, treatment with the proteasome inhibitor MG132 re-
versed the loss of CDC25B induced by UV in all these cell lines.
These results also indicated that p53 was not involved in the pro-
cess, as no major differences in UV-induced CDC25B downregula-
tion were observed between U2OS and Saos-2 cells or between
HCT116 and HCT116 p53/ cells. We then monitored the levels
of overexpressed HA-CDC25B3-His after UV irradiation of U2OS-
B3 cells, and found that the tagged protein was also subjected to
the same regulation as the endogenous protein, thus ruling out
any regulation at the level of endogenous CDC25B mRNA expres-
sion (Fig. 2B). In agreement with the idea that CDC25B expression
is post-transcriptionally regulated, we found that CDC25B mRNA
levels did not change in U2OS cells after UV irradiation (Fig. 2C).
3.3. ATM/ATR, p38 MAPK and JNK checkpoint pathways are not
involved in CDC25B downregulation
We then used chemical inhibitors to investigate whether sig-
nalling pathways known to impinge on CDC25B regulation
[6,8,10,11] were involved in the loss of CDC25B after UV irradia-
tion. Treatment with BIRB0796, SP600125 and caffeine resulted in
the inhibition of p38 MAPK, JNK, and ATM/ATR, respectively, as
determined by the reduced phosphorylation of the substrates
Hsp27 (p38 MAPK pathway), c-Jun (JNK pathway) and CHK1
GAPDH
U2OS-B3
HA-CDC25B3-His
endogenous CDC25B
116
97
66
57
45
+Tet -
siRNA   Luc  CDC25B
U2OS
A
B
CDC25B
p-CHK1
total CHK1
p-p38
total p38
GAPDH
UV (J/m2)     0  10  60   0   10  60   0  10  60   0  10  60
30 min 60 min 120 min 240 min
C
0 J/m2
10 J/m2
60 J/m2
60 J/m2  
+MG132 
CDC25BDAPI merge
Fig. 1. CDC25B downregulation after UV irradiation. (A) U2OS cells were transfected with Luciferase or CDC25B siRNAs and 48 h later total cell extracts were analyzed by
immunoblotting. U2OS-B3 cells were grown in the presence or absence of Tet for 24 h. GAPDHwas used as loading control. Molecular weight markers are indicated in kDa. (B)
U2OS cells were UV irradiated at 10 or 60 J/m2 and were recovered at the indicated times. Total cell extracts were analyzed by immunoblotting with the indicated antibodies.
(C) U2OS-B3 cells were grown 24 h in the absence of Tet to overexpress HA-CDC25B3-His, and then were UV irradiated at 10 or 60 J/m2, collected 1 h later and analyzed by
immunoﬂuorescence. Where indicated, cells were incubated with MG132 (25 lM) 30 min before irradiation. CDC25B was detected using the anti-CDC25B mouse monoclonal
antibody.
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degradation of CDC25B after anisomycin treatment [8], as well as
its partial rescue by the p38 MAPK and JNK inhibitors. However,
the combined inhibition of the three pathways did not affect the
UV-induced loss of CDC25B. Only the inhibition of the protea-
some was able to restore the basal levels of CDC25B upon expo-
sure of the cells to UV irradiation (Fig. 3).
3.4. Translational repression as a new regulatory mechanism of
CDC25B
The proteasome regulates the normal turnover of proteins as
well as the accelerated protein turnover in response to stress, a
process usually called degradation. To determine if UV irradiation
affected CDC25B turnover, we measured CDC25B levels in the pres-
ence of CHX. Interestingly, we found that the half-life of CDC25B
was similar in unstressed cells and after UV irradiation (60 J/m2),
indicating that the CDC25B turnover was not accelerated by UV
(Fig. 4A). However, proteasome inhibition by MG132 stabilized
the CDC25B protein, which could explain why MG132 restored
the levels of CDC25B after irradiation.
As neither protein degradation nor the known upstream regula-
tors of CDC25B were apparently involved in the downregulation of
CDC25B after UV irradiation, we investigated the possible implica-
tion of differential CDC25B mRNA translation. Interestingly, UV
irradiation has been shown to trigger the phosphorylation of the
translation initiation factor eIF2a, leading to translational repres-
sion in mammalian cells [12,13]. We conﬁrmed that the levels of
phosphorylated eIF2a were increased at 60 J/m2, but remained
comparable to the basal ones at 10 J/m2 (Fig. 4B), suggesting thattranslational repression could lead to the loss of CDC25B at 60 J/
m2. We then investigated whether DTT, another stress known to
induce translational repression, could also elicit CDC25B downreg-
ulation. DTT induces translational repression by inhibiting the for-
mation of disulﬁde bonds, in turn activating the Unfolded Protein
Response, while the JNK and p38 MAPK pathways are only mod-
estly activated [14]. By treating the cells with DTT (4 mM) or with
UV (60 J/m2) for 1 h, we conﬁrmed that eIF2a phosphorylation was
enhanced by both treatments while CHK1, p38MAPK and JNK were
only activated after UV treatment (Fig. 4C). Strikingly DTT treat-
ment, similarly to UV irradiation, induced an important downreg-
ulation of the CDC25B protein that was reversed by MG132. To
conﬁrm that CDC52B expression was indeed regulated by the
translational repression pathway, we treated U2OS cells with a
pool of siRNAs against the four kinases that are thought to be
responsible for eIF2a phosphorylation in mammalian cells:
GCN2, PERK, PKR and HRI. The siRNA-mediated downregulation
of these four kinases resulted in the inhibition of eIF2a phosphor-
ylation, which in turn led to the recovery of CDC25B protein
expression levels in DTT-treated cells (Fig. 4D). Taken together,
these results demonstrate the involvement of translational repres-
sion via eIF2a phosphorylation in the regulation of CDC25B expres-
sion by stress.4. Discussion
Understanding the regulation of CDC25 phosphatases has be-
come an important goal in the cell cycle and cancer ﬁelds, as they
control essential cell cycle transitions, are key targets of checkpoint
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Fig. 2. UV-induced loss of CDC25B is p53-independent and post-transcriptional. (A) HeLa, MDA-MB-231, U2OS, Saos-2, HCT116 and HCT116 p53/ cells were irradiated at
10, 30 or 60 J/m2, recovered 1 h after irradiation and were analyzed by immunoblotting for CDC25B levels using GAPDH as loading control. Where indicated, cells were
incubated with MG132 (25 lM) 1 h before irradiation. (B) U2OS-B3 cells were grown for 20 h with or without Tet, as indicated, and were UV irradiated at 10, 30 or 60 J/m2.
Cells were collected 1 h after irradiation and total cell extracts were analyzed by immunoblotting with the indicated antibodies. Cells were incubated with MG132 (25 lM)
1 h before irradiation. (C) U2OS cells were irradiated at 10, 30 or 60 J/m2 and collected 1 h after UV irradiation. Where indicated, cells were incubated with MG132 (25 lM) 1 h
before irradiation. Endogenous CDC25B mRNA levels were determined by quantitative real-time PCR and normalized against GAPDH mRNA levels.
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1202 M. Lemaire et al. / FEBS Letters 584 (2010) 1199–1204pathways and are found overexpressed in human tumors [15]. In
this study, we show that the CDC25 family member CDC25B can
be differentially regulated depending on the intensity of the stress
signal. We also provide evidence for the regulation of CDC25B
expression by the translational repression pathway.
4.1. Regulation of CDC25B by UV
We show that after 10 J/m2 of UV irradiation, the CDC25B pro-
tein is not downregulated but cytoplasmically sequestered, as de-
scribed elsewhere [5,6]. However at higher doses of UV
irradiation, we found that CDC25B is downregulated in all the hu-
man cell lines tested. This implies that the outcome of CDC25B
depends of the UV irradiation doses received by the cells. As
CDC25B has been reported to regulate cell cycle re-entry during
checkpoint recovery [16,17], it is tempting to postulate that the
cytoplasmic sequestration of CDC25B would allow a quicker
recovery after DNA repair, as the protein only needs to be relo-
cated to the nucleus. On the contrary, the downregulation of
CDC25B induced by higher UV doses would prevent unscheduled
cell cycle re-entry, anticipating that cellular damage is likely to be
too important for a quick recovery. Along this line, it has been
proposed that inhibition of the p38 MAPK-activated protein ki-
nase MK2 sufﬁces to impair the UV-induced G2 checkpoint arrest,
presumably because of the lack of CDC25B relocalization to the
cytoplasm [6]. Based on our results, we would hypothesize that
MK2 inhibition should bypass the G2 checkpoint arrest after UV
irradiation at 10 but not 60 J/m2, as in the later case CDC25B
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Fig. 4. Translational repression regulates CDC25B expression. (A) U2OS cells were incubated with MG132 (25 lM) and 1 h later were treated with CHX (10 lg/ml) or UV
irradiated at 60 J/m2 and then directly incubated with CHX. Cells were collected at the indicated time points and total cell extracts were analyzed by immunoblotting.
Quantiﬁcation of CDC25B protein levels is shown on the right. (B) U2OS cells were UV irradiated at 10 or 60 J/m2, collected at the indicated times and total cell extracts were
analyzed by immunoblotting. (C) U2OS cells were incubated with MG132 (25 lM) and 1 h later were incubated with DTT (4 mM) or UV irradiated at 60 J/m2. After 1 h, cells
were collected and total cell extracts were analyzed by immunoblotting. (D) U2OS cells were transfected with a pool of siRNAs against the eIF2 kinases GCN2, PERK, HRI and
PKR, and 72 h later were treated with 4 mM DTT for 2 h. Total cell extracts were analyzed by immunoblotting.
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either downregulation or inhibition of MK2 does not seem to af-
fect UV-induced checkpoint arrest (data not shown).
Previous studies have reported either steady or up-regulated
CDC25B levels after irradiating U2OS cells within apparently the
same UV doses as we used. We think that the use of different irra-
diators could explain this discrepancy. Our results also indicate
that UV crosslinkers should be used with caution to deliver rela-
tively low UV doses (5–100 J/m2), and an easy way to monitor
the actual UV irradiation received by the cells could be to analyze
checkpoint engagement.
4.2. A novel pathway regulating CDC25B
Our results indicate that the mechanism of CDC25B downregu-
lation induced by UV is post-transcriptional, but surprisingly the
p38 MAPK-MK2, ATR-CHK1 and JNK checkpoint pathways do notseem to play a role. Moreover the stability of the CDC25B protein
is not modiﬁed after UV irradiation. Altogether, these results led
us to consider that UV could regulate CDC25B at the level of mRNA
translation. Interestingly, cellular stresses such as protein misfold-
ing, oxidative stress or viral infection are known to regulate protein
synthesis [18]. Under such conditions, phosphorylation of eIF2a
inhibits translation initiation [19]. Importantly, UV irradiation
has been shown to cause translational repression, which is accom-
panied by quick and substantial phosphorylation of eIF2a [12,13].
We also found a good correlation between eIF2a phosphorylation
and the downregulation of CDC25B in our experiments.
We present evidence for CDC25B regulation by translational
repression in response to DTT-induced cellular stress, and we show
that siRNA-mediated downregulation of eIF2a kinases leads to the
recovery of CDC25B expression levels after treatment with DTT.
This experiment is difﬁcult to perform in UV-irradiated cells due
to the pleiotropic effects induced by this stress, which include
1204 M. Lemaire et al. / FEBS Letters 584 (2010) 1199–1204DNA damage, protein misfolding and oxidative damage, and be-
cause phospho-eIF2a levels need to be considerably decreased to
rescue translational repression. A recent report has shown that
PERK and GCN2 are both involved in UVB-induced eIF2a phosphor-
ylation in human keratinocytes, but the effect of downregulating
both kinases together was not investigated [20]. Using the pool
of siRNAs mentioned above, we have been unable to consistently
decrease the level of eIF2a phosphorylation induced by UVC.
Translational repression has been reported to regulate the cell
cycle in ﬁssion yeast and in mammalian cells modulating Cyclin
D1 levels at the G1/S transition [21,22]. Moreover, it has been re-
cently suggested that CDC25A could be regulated by translational
repression after nitrosative stress [23]. Our results indicate that
this pathway may also control other cell cycle regulators such as
CDC25B.
Acknowledgements
We thank the Ducommun and Nebreda groups for helpful sug-
gestions and discussions, and M. Cazales, O. Mondesert, B. Bugler,
C. Lorenzo and J.-P. Bouché for sharing reagents. We acknowledge
the expert assistance of G. Delsol, J. Boyes and T. Al Saati for the
production of the CDC25B antibody. We are grateful to B. Vogel-
stein for the HCT116 cell lines, E. Wagner for the c-Jun antibody,
A. Losada for sharing the microscopic platform and E. Guillou for
critically reading the manuscript. ML was supported by post-doc-
toral fellowships from INCa-Canceropole GSO and CNIO. This work
was funded by grants from CNRS, University of Toulouse, Région
Midi-Pyrénées and La Ligue Nationale Contre le Cancer (Equipe
labellisée 2008) to B.D.; and by grants from the Spanish MICINN
(BFU2007-60575 and RD06/0020/0083) to A.R.N.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.febslet.2010.02.043.
References
[1] Malumbres, M. and Barbacid, M. (2005) Mammalian cyclin-dependent kinases.
Trends Biochem. Sci. 30, 630–641.
[2] Boutros, R., Dozier, C. and Ducommun, B. (2006) The when and whereas of
CDC25 phosphatases. Curr. Opin. Cell Biol. 18, 185–191.
[3] Sancar, A., Lindsey-Boltz, L.A., Unsal-Kacmaz, K. and Linn, S. (2004) Molecular
mechanisms of mammalian DNA repair and the DNA damage checkpoints.
Annu. Rev. Biochem. 73, 39–85.
[4] Karlsson-Rosenthal, C. and Millar, J.B. (2006) Cdc25: mechanisms of
checkpoint inhibition and recovery. Trends Cell Biol. 16, 285–292.[5] Lindqvist, A., Kallstrom, H. and Karlsson Rosenthal, C. (2004) Characterisation
of Cdc25B localisation and nuclear export during the cell cycle and in response
to stress. J. Cell Sci. 117, 4979–4990.
[6] Manke, I.A., Nguyen, A., Lim, D., Stewart, M.Q., Elia, A.E. and Yaffe, M.B. (2005)
MAPKAP kinase-2 is a cell cycle checkpoint kinase that regulates the G2/M
transition and S phase progression in response to UV irradiation. Mol. Cell 17,
37–48.
[7] Bulavin, D.V., Higashimoto, Y., Popoff, I.J., Gaarde, W.A., Basrur, V., Potapova, O.,
Appella, E. and Fornace Jr., A.J. (2001) Initiation of a G2/M checkpoint after
ultraviolet radiation requires p38 kinase. Nature 411, 102–107.
[8] Uchida, S., Yoshioka, K., Kizu, R., Nakagama, H., Matsunaga, T., Ishizaka, Y.,
Poon, R.Y. and Yamashita, K. (2009) Stress-activated mitogen-activated
protein kinases c-Jun NH2-terminal kinase and p38 target Cdc25B for
degradation. Cancer Res. 69, 6438–6444.
[9] Bansal, P. and Lazo, J.S. (2007) Induction of Cdc25B regulates cell cycle
resumption after genotoxic stress. Cancer Res. 67, 3356–3363.
[10] Bouche, J.P., Froment, C., Dozier, C., Esmenjaud-Mailhat, C., Lemaire, M.,
Monsarrat, B., Burlet-Schiltz, O. and Ducommun, B. (2008) NanoLC–MS/MS
analysis provides new insights into the phosphorylation pattern of Cdc25B
in vivo: full overlap with sites of phosphorylation by Chk1 and Cdk1/cycB
kinases in vitro. J. Proteome Res. 7, 1264–1273.
[11] Schmitt, E., Boutros, R., Froment, C., Monsarrat, B., Ducommun, B. and Dozier,
C. (2006) CHK1 phosphorylates CDC25B during the cell cycle in the absence of
DNA damage. J. Cell Sci. 119, 4269–4275.
[12] Deng, J. et al. (2002) Activation of GCN2 in UV-irradiated cells inhibits
translation. Curr. Biol. 12, 1279–1286.
[13] Wu, S., Hu, Y., Wang, J.L., Chatterjee, M., Shi, Y. and Kaufman, R.J. (2002)
Ultraviolet light inhibits translation through activation of the unfolded protein
response kinase PERK in the lumen of the endoplasmic reticulum. J. Biol.
Chem. 277, 18077–18083.
[14] Liang, S.H., Zhang, W., McGrath, B.C., Zhang, P. and Cavener, D.R. (2006) PERK
(eIF2alpha kinase) is required to activate the stress-activated MAPKs and
induce the expression of immediate-early genes upon disruption of ER
calcium homoeostasis. Biochem. J. 393, 201–209.
[15] Boutros, R., Lobjois, V. and Ducommun, B. (2007) CDC25 phosphatases
in cancer cells: key players? Good targets? Nat. Rev. Cancer 7, 495–
507.
[16] Bugler, B., Quaranta, M., Aressy, B., Brezak, M.C., Prevost, G. and Ducommun, B.
(2006) Genotoxic-activated G2-M checkpoint exit is dependent on CDC25B
phosphatase expression. Mol. Cancer Ther. 5, 1446–1451.
[17] van Vugt, M.A., Bras, A. and Medema, R.H. (2004) Polo-like kinase-1 controls
recovery from a G2 DNA damage-induced arrest in mammalian cells. Mol. Cell
15, 799–811.
[18] Dever, T.E. (2002) Gene-speciﬁc regulation by general translation factors. Cell
108, 545–556.
[19] Proud, C.G. (2005) EIF2 and the control of cell physiology. Semin. Cell Dev.
Biol. 16, 3–12.
[20] Lu, W., Laszlo, C.F., Miao, Z., Chen, H. and Wu, S. (2009) The role of nitric-
oxide synthase in the regulation of UVB light-induced phosphorylation of the
alpha subunit of eukaryotic initiation factor 2. J. Biol. Chem. 284, 24281–
24288.
[21] Brewer, J.W. and Diehl, J.A. (2000) PERK mediates cell-cycle exit during the
mammalian unfolded protein response. Proc. Natl. Acad. Sci. USA 97, 12625–
12630.
[22] Tvegard, T., Soltani, H., Skjolberg, H.C., Krohn, M., Nilssen, E.A., Kearsey, S.E.,
Grallert, B. and Boye, E. (2007) A novel checkpoint mechanism regulating the
G1/S transition. Genes Dev. 21, 649–654.
[23] Tomko Jr., R.J., Azang-Njaah, N.N. and Lazo, J.S. (2009) Nitrosative stress
suppresses checkpoint activation after DNA synthesis inhibition. Cell Cycle 8,
299–305.
